Background: Carboxypeptidase X, M14 family member 2 (CPXM2) has been reported to be involved with several human malignancies. However, the impact of CPXM2 on human hepatocellular carcinoma (HCC) tumorigenesis has not been studied. Materials and Methods: Using immunohistochemistry, the detailed CPXM2 expression patterns were examined in HCC cell lines and tissues. Additionally, a hepatic stellate cell line overexpressing CPXM2 and an HCC CPXM2-knockdown cell line were established by lipofection of an expression plasmid or short hairpin RNA, respectively. The transfection efficiencies were confirmed by reverse transcription-quantitative PCR, Western blotting and immunofluorescence. Moreover, Western blotting was conducted to determine the phosphorylation levels of the tyrosine kinase 2 (JAK2)/signal transducer and activator of transcription 3 (Stat1) pathway. Furthermore, gp130-specific hairpin RNA was used to knockdown gp130 expression in hepatic stellate cells overexpressing CPXM2. The malignant phenotype of cultured HCC cells was assessed by a Cell Counting Kit-8 (CCK8) assay, plate cloning assay, Matrigel invasion assay and wound-healing assay in vitro. Results: It was demonstrated that CPXM2 was upregulated in HCC, and its upregulation predicted a poor prognosis. Besides, the upregulation of CPXM2 markedly enhanced the metastatic potential of HCC via the gp130/JAK2/Stat1 signaling pathway in vitro. Conclusion: In summary, this evidence suggests a positive role for CPXM2 in HCC progression via modulation of the gp130/JAK2/Stat1 signaling pathway in HCC.
Introduction
Human hepatocellular carcinoma (HCC) is a common malignance with a poor prognosis and high recurrence rate. 1, 2 To date, HCC has a high mortality rates worldwide, and the synthetic therapy of progressive HCC was still unsatisfactory. 3 Hence, it is meaningful to clarify the pathogenesis of HCC tumorigenesis. 4 Previously, carboxypeptidases (CPs) have been validated to play many diverse biological roles by removing C-terminal amino acids from proteins and peptides. 5, 6 Genomic disorders in CPs have been revealed to lead to numerous diseases. [7] [8] [9] In mammals, the M14 family of CPs, which comprises 25 family members, is the largest family of enzymes that mediates C-terminal residue cleavage. 10, 11 Although not all CPs exhibit active peptidase activity, members of the M14 family have various physiological functions on account of their substrate specificity, tissue distribution, and cellular and subcellular localization. 12, 13 Carboxypeptidase X (CPX), M14 family member 2 (CPXM2) is a member of the M14 family and has been shown to be associated with several developmental disorders by affecting the cell-cell interactions. [14] [15] [16] [17] To date, the impact of CPXM2 on HCC tumorigenesis has not been further explored. Here, CPXM2 expression was found to be overexpressed in HCC tissues, and its overexpression predicted an unfavorable prognosis. Previously, it was demonstrated that glycoprotein 130 (gp130)-mediated signaling can trigger the activation of JAKs and has a vital impact on HCC progression. 18 However, the impact of CPXM2 and its regulatory effect on the gp130/JAK2/ Stat1 axis in the tumorigenesis of HCC remain uncertain.
Materials and Methods Cell Culture and Transfection
The human embryonic kidney cells (293T) cells, the hepatic stellate cell line LX2, and the HCC cell lines (Hep3B, Huh1 and MHCC97H) were obtained from The Cell Bank of Type Culture Collection of the Chinese Academy of Sciences. These cell lines were cultured in DMEM with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 units/mL penicillin and 10 mg/mL streptomycin in a 37°C humidified incubator containing 5% CO 2 . Media containing 0.5 mg/mL G418 were used for maintenance of the transfected cell lines.
The recombinant pNSE-IRES2-EGFP-C1/CPXM2 plasmid and pNSE-IRES2-EGFP-C1 plasmid (negative control) were obtained from Nanjing KeyGen Biotech Co., Ltd. LX2 cells (1.2x105 cells/well) were plated into 6-well plates to obtain a 70% confluence after 24 h of culture. The aforementioned plasmids were transfected into LX2 cells using Lipofectamine ® 2000 reagent (cat. no. 11668027, Invitrogen; Thermo Fisher Scientific, Inc.), and successfully transfected cells were selected using G418 (cat. no.108321-42-2, Sigma-Aldrich; Merck KGaA).
Reverse Transcription-Quantitative PCR (RT-qPCR)
The RT-qPCR assay was conducted as previously defined. 19 Total RNA was extracted from cell cultures using RNAiso Plus (cat. no. 9108, Takara Bio, Inc.) following the manufacturer's protocols and the expression level was investigated via the 2-ΔΔCq method. 20 The experiments were conducted 3 times in duplicate and GAPDH was taken as the internal control. The sequences of the primers were as follows:  CPXM2 forward, 5ʹ-GTHCCHCCGGGAAGAAATGAC  -3ʹ, and reverse, 5ʹ-CCTCCCTTGAGTGATGACACC-3ʹ;  GAPDH forward, 5ʹ-TGA AGGTCGGAGTCA ACGGA  TTTGGT-3ʹ, and reverse, 5ʹ-CATGTGGGCCATGAGGT  CCACCAC-3ʹ (synthesized by Takara Bio, Inc. ).
Western Blotting
The total protein from cultured cells and liver tissues was isolated using RIPA lysis buffer containing 1% phenylmethanesulfonyl fluoride as previously defined. 21 The protein concentrations were investigated by a bicinchoninic acid (BCA) assay, and 10 μL protein was loaded into each well for sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE). Then, the separated proteins were electro-transferred to polyvinylidene fluoride (PVDF) membranes and blocked with 5% skimmed milk diluted in TBS-Tween 20 buffer (TBST) at room temperature (RT) for 2 h. Subsequently, the PVDF membranes were probed with primary antibodies against human gp130 (cat. no. 9145, Cell Signaling Technology, Inc), Stat1 (cat. no. 9139, Cell Signaling Technology, Inc), phospho-Stat1 (cat. no. 9167, Cell Signaling Technology, Inc), phospho-JAK2 (cat. no. 68790, Cell Signaling Technology, Inc), JAK2 (cat. no. 13531, Cell Signaling Technology, Inc), CPXM2 (cat. no. ab201077, Abcam, USA) or β-actin (cat. no. ab8226, Abcam, USA) at a dilution of 1:1000 at 4°C overnight. After washing 3 times with TBST, the PVDF membranes were probed with horseradish peroxidase (HRP) -conjugated secondary antibody (cat. no. sc-2357, Santa Cruz Biotechnology, Inc; 1:10,000) at RT for 2 h. Then, the bands were visualized via enhanced chemiluminescence (ECL) reagents (GE Healthcare Life Sciences) and evaluated with Image Lab version 6.0.1 (Bio-Rad Laboratories Inc.).
Immunofluorescence Assay
After washing 3 times with PBS, the cultured cells were fixed with 4% paraformaldehyde for 20 min. Subsequently, 0.5% Triton X-100 diluted in PBS was utilized to permeabilize the cells for 10 min, and the cells were blocked with 5% normal bovine serum in TBST for 30 min at 37°C. Then, the pretreated cells were incubated with the anti-CPXM antibody (cat. no. ab201077, Abcam, at 1:100) at 4°C overnight and probed with a PE-conjugated secondary antibody (cat. no. sc-3753, Santa Cruz Biotechnology, Inc; 1:1000) diluted in PBS for 1 h in the dark. The cell nuclei were stained with 0.1 µg/mL DAPI at RT for 5 min. The probed cells were visualized and imaged by a fluorescence microscope (Olympus Corporation).
Cell Proliferation Assay
Stably transfected LX2 and Huh1 cells were plated in 96well plates at 2x103 cells per well and cultured for 12, 24, 36, 48, 72 or 96 h. Then, 10 μL CCK8 reagent (cat no. C0038, Beyotime Institute of Biotechnology, Haimen, China) was supplemented to each well and further incubated with the cells at 37°C for 1 h. The absorbance at 496 nm for each well was detected by a microplate reader (BioTek China).
Colony Formation Assay
Briefly, cultured LX2 and Huh1 cells were plated in 6-well plates at a concentration of 5x10 2 cells per well and maintained for 14 days in a 37°C incubator. Then, the formed colonies were washed with PBS 2 times for 5 min and fixed with methanol for 30 min. Then, the colonies were stained using 0.1% crystal violet diluted in PBS for 15 min. The formed cell colonies that contained more than 96 cells were counted.
Matrigel Invasion Assay
Briefly, the transfected LX2 and Huh1 cells (4x10 5 cells/ mL) were seeded onto a membrane coated with Matrigel in the upper chamber of a 24-well Transwell insert. For cell movement, DMEM with 20% FBS was placed in the lower chamber. Then, the Transwell chamber was rinsed after incubation for 24 h at 37°C, and fixed in methanol, stained with 0.1% crystal violet (Beyotime Institute of Biotechnology), and the number of invaded cells per well was calculated in six randomly selected fields.
Wound Healing Assay
Briefly, transfected LX2 and Huh1 cells were cultured tõ 100% confluence in 12-well plates. Mitomycin C (10 μg/ mL) was used to pretreat the cells before scratching for 2 h to inhibit the proliferation of LX2 and Huh1 cells. A 20 μL pipette tip was utilized to create a scratch wound, and the scratch wound was imaged at the same position at 0, 12 and 24 h.
Short Hairpin RNA (shRNA) Assay
Four plasmids, pGCIL-gp130-shRNA, pGCIL-CPXM2-shRNA, pGCIL-scramble, and pGCIL-green fluorescent protein (GFP), the vesicular stomatitis virus G-protein (VSV-G) expression plasmid, and virion-packaging elements (pHelper 1.0) were purchased from Nanjing KeyGen Biotech Co., Ltd. 293T cells were cultured in a 6-well dish at 37°C for 24 h to achieve 70-80% confluence. Four plasmids namely, 10 μg pGCIL-gp130-shRNA or pGCIL-CPXM2-shRNA, and either 5 μg pGCIL-scramble, 5 μg pGCIL-GFP, 5 μg VSV-G expression plasmid and 5 μg pHelper 1.0 plasmid were added to media without FBS and mixed with 50 μL Lipofectamine ® 2000 (cat. no. 11668027, Invitrogen; Thermo Fisher Scientific, Inc.) to an ultimate capacity of 1.0 mL. Subsequently, this mixture was supplemented with the cultured 293T cells. The cells were transfected with viral stocks as previously described, 22 and two clones of gp130-shRNA transfected cells were expanded and used in subsequent experiments.
Patients and Tissue Samples
The patients were enrolled between January 2006 and June 2013 and signed informed consent prior to the study. HCC sections were collected from 102 HCC patients from The First Hospital of Jilin University. The inclusion criteria were as follows: i) pathological diagnosis of HCC; ii) no evidence of secondary tumors or history of another cancer; iii) or history of chemotherapy or radiotherapy. The clinicopathological characteristics of HCC patients, such as age, sex, tumor-node-metastasis (TNM) and distant metastasis, are summarized in Table 1 . Histological noncancerous hepatic sections were obtained from 100 hepatitis patients, including 60 men and 40 women admitted to The First Hospital of Jilin University between January 2008 and October 2014. The average age of the hepatitis patients was 64 years.
Immunohistochemistry (IHC)
Briefly, following deparaffinization, rehydration and antigen retrieval, the slides were blocked with 5% normal bovine serum in TBST for 30 min at 37°C, and the slides were incubated with the anti-CPXM2 antibody (1:296 dilution; cat. no. ab201077, Abcam, at 1:100) and anti-gp130 (1:396 dilution; cat. no. 9145, Cell Signaling Technology, Inc) overnight at 4°C. Normal rat immunoglobulin G (1:196 dilution; cat. no. D110964, Sangon Biotech Co. Ltd.) was used instead of the aforementioned primary antibodies for the negative control. Then, after washing with PBS, the slides were incubated with a horseradish peroxidase (HRP)conjugated secondary antibody (1:5000; cat. no. A0192, Beyotime Institute of Biotechnology) at RT for 1 h. Subsequently, the slides were visualized using 3,3-diaminobenzidine (DAB; Gene Tech, Shanghai, China) and counterstained using hematoxylin (H&E; Gene Tech, Shanghai, China). CPXM2 expression was semiquantitatively characterized as high or low on account of a modified H score system as previously described. 23 
Statistical Analysis
The data are presented as the mean ± SD and were analyzed using GraphPad Prism version 7 (GraphPad Software, Inc.) and SPSS version 22 (IBM Corp.). The Chi-squared test and one-way ANOVA with Tukey's post hoc tests were utilized to estimate the alterations between different groups. Statistical analyses and the difference in overall survival time were investigated using the Kaplan-Meier method and the Log rank test.
Results

CPXM2 Is Highly Expressed in HCC Cell Lines and Tissues
The comprehensive expression patterns of CPXM2 in human hepatic stellate cells and HCC cells were assayed. Data obtained from RT-qPCR and Western blotting displayed that the mRNA and protein expression levels of CPXM2 expression were lower in LX2 cells, and higher in the Hep3B, Huh1 and MHCC97H cell lines ( Figure 1A -C).
Additionally, CPXM2 expression was measured in 102 HCC and 100 nonneoplastic hepatic tissues ( Figure 1D ). CPXM2 expression was determined to be high in 70.59% (71/102) of HCC tissues and 35.00% (35/100) of noncancerous hepatic tissues ( Table 1 ). The correlations between CPXM2 levels and the clinical characteristics of patients with HCC were also determined, and CPXM2 expression was not distinctly related to clinical characters such as age (P=0.431), HBsAg infection (P=0.762), or serum αfetoprotein (P=0.587), but it was correlated with TNM stage (P=0.009) and distant metastasis (P=0.001) in patients with HCC ( Table 1 ). The changes in CPXM2 expression levels between nonneoplastic tissues and HCC tissues were also investigated. As displayed in Figure 1E and F, Western blotting analysis revealed a higher expression level of CPXM2 (P=0.005) in HCC tissues (102 cases) than in noncancerous hepatic tissues (100 cases). In addition, as illustrated in Figure 1G , a notably overall survival time was found in patients with a high expression level of CPXM2 (median survival, 34.76 months) versus patients with a low CPXM2 expression level (median survival, 46.34 months; P=0.0027).
Effect of CPXM2 on the Malignancy of Hepatic Stellate Cells
Hepatic stellate cells transfected with the pNSE-IRES2-EGFP-C1/CPXM2 plasmid or pNSE-IRES2-EGFP-C1 plasmid were termed LX2-CPXM2 or LX2-Vector, respectively. As displayed in Figure 2A and B, the CPXM2 protein was overexpressed (P=0.0001) in the LX2-CPXM2 group compared with the LX2-Vector group. Moreover, the phosphorylation levels of Stat1 (P=0.0001) and JAK2 (P=0.0032) were notably higher following CPXM2 overexpression (Figure 2A and B ). Furthermore, immunofluorescence analysis showed that CPXM2 was localized to the cell cytoplasm ( Figure 2C ).
In addition, a CCK-8 assay was utilized to examine the proliferation of LX2 cells. As revealed in Figure 2D , the LX2-CPXM2 cells have a meaningfully higher proliferative rate than the empty vector cells (P=0.002). The data observed from the plate cloning assay suggested that the viability of LX2 cells was meaningfully enhanced after transfection with the CPXM2 overexpression plasmid (P=0.001; Figure 2E ). Furthermore, the data obtained from a Matrigel invasion assay suggested that the invasion capacity was meaningfully increased in LX2 cells transfected with the CPXM2 overexpression plasmid (P=0.0001; Figure 2F ). Similarly, evidence obtained from the wound-healing assay revealed that the migration was notably enhanced in the LX2-CPXM2 cells after 12 and 24 h verus the LX2-Vector group [P=0.0012 (12 h) and P=0.0032 (24 h); Figure 2G ]. These data suggested that CPXM2 promoted the malignancy of hepatic stellate cells in vitro.
Effect of CPXM2 Knockdown on the Malignancy of HCC Cells
The expression level of CPXM2 and any changes in the phosphorylation status of members of the JAK2/Stat1 signaling pathway were assessed using Western blotting analysis ( Figure 3A and B) . The expression level of CPXM2 and the ratio of Stat1 and JAK2 phosphorylation were notably decreased in Huh1 cells (P=0.0014 and P=0.0007, respectively) following CPXM2 silencing. Besides, the CCK-8 assay ( Figure 3C ) and plate cloning assay ( Figure 3D ) showed that the proliferative capacity (P=0.0021 and P=0.0015, respectively) and cell viability (P=0.0012 and P=0.0005, respectively) of Huh1 cells were notably decreased following CPXM2 silencing.
The evidence obtained from the Matrigel invasion and wound-healing assays ( Figure 3E and F) showed that the invasive (P=0.0003 and P=0.0012, respectively) and migratory capabilities (P=0.0002 and P=0.0001, respectively) of cells transfected with CPXM2-shRNA were notably decreased. gp130 Is Concurrently Expressed with CPXM2 in HCC Tissues
The expression of gp130 was determined in 102 HCC and 100 nonneoplastic hepatic tissues ( Figure 4A ). gp130 was highly expressed in 65.68% (67/102) of the HCC tissues and 29.00% (29/100) of the nonneoplastic hepatic tissues ( Table 1) . No correlation was found between gp130 expression and patient age (P=0.642), HBsAg infection (P=0.726), or serum α-fetoprotein (P=0.385). However, gp130 expression was related to distant metastasis (P=0.001) and TNM stage (P=0.014) in patients with HCC ( Table 2 ). In addition, the protein expression level of gp130 was meaningfully higher in the 102 HCC tissues than in the 100 noncancerous hepatic tissues (P=0.0012; Figure 4B and C). Moreover, as illustrated in Figure 4D , a notably shorter overall survival time was found in patients with high levels of gp130 expression (median survival, 35.24 months) than in patients with low expression levels of gp130 (median survival, 48.67 months; P=0.0053). In addition, the correlations between gp130 and CPXM2 expression was also assessed. As shown in Table 3 , gp130 and CPXM2 were concurrently expressed in HCC tissues and nonneoplastic mucosal tissues (P=0.0012; Table 3 ).
Impacts of gp130/JAK2/Stat1 on Malignancy in Hepatic Stellate Cells Overexpressing CPXM2
The impacts of the gp130/JAK2/Stat1 signaling pathway on the malignancy of hepatic stellate cells were investigated. As revealed in Figure 5A and B, the phosphorylation levels of JAK2 (P=0.0013 and P=0.0021, respectively) and Stat1 (P=0.0024 and P=0.0021, respectively) were notably decreased following knockdown of gp130 (P=0.0001) in LX2 cells overexpressing CPXM2. As displayed in Figure 5C and D, the proliferation rate of LX2 cells overexpressing CPXM2 was notably decreased (P=0.0011 and P=0.0003, respectively) after gp130-shRNA transfection ( Figure 5C and D) . Furthermore, these observations implied that the quantity of invasive LX2-CPXM2 cells was notably decreased following transfection with gp130-shRNA (P=0.0013 and P=0.0021, respectively; Figure 5E ). In addition, the migratory capacity of cells transfected with gp130-shRNA was notably decreased compared with that of the scrambled group after 12 h (P=0.0032 and P=0.0021, respectively; Figure 5F ) and 24 h (P=0.0012 and P=0.0003, respectively; Figure 5F) . 
Discussion
CPs are zinc-dependent enzymes that have been reported to be correlated with a range of physiological and biological processes, such as oncogenesis. For example, carboxypeptidase E (CPE) is suggested to be dysregulated and participate in the metastases of serval human malignancies, 13, 24 highlighting the vital role of certain CPs in the regulation of malignant biological properties. To date, some CPs have been recognized as potential therapeutic and diagnostic biomarkers. For instance, a recent study revealed that carboxypeptidase A4 (CPA4) predicted a poor prognosis in breast cancer and was identified as a therapeutic target in triplenegative breast cancer (TNBC). 25 Similarly, CPA4 was also implied to be identified as a factor correlated with poor prognosis in liver cancer and gastric cancer. 26, 27 In addition, the CPN was suggested to have a vital biological role in breast cancer and was a promising biomarker for the effective diagnosis and treatment of breast cancer. 28 To date, more than 20 CPs have been identified as potential biomarkers in various human malignancies. However, the underlying mechanisms by which these CPs modify oncogenesis and tumor progression still need to be further elucidated. Previously, research concerned with CPXM2 highlighted its roles in mental diseases, developmental disorders, and neurodegenerative disorders. [14] [15] [16] [17] Çetinkaya et al reported that CPXM2 is associated with gene ontology terms involved in extracellular matrix organization of connective tissues. 14 A recent study revealed that CPXM2 had a positive role in tumor progression and predicted a poor prognosis in gastric cancer. 29 However, the molecular mechanism of CPXM2 and its roles in the tumor progression of the common human malignancy HCC have not been reported. In our study, CPXM2 was acknowledged as a promising tumor biomarker for HCC. CPXM2 expression was high in HCC sections, and the overexpression of CPXM2 had a positive impact on the tumor progression of HCC cells. Moreover, the high expression level of CPXM2 in HCC patients was notably related to distant metastasis and predicted a poor prognosis. This evidence strongly implies that dysregulation of CPXM2 was reported to be a potential biomarker for the early diagnosis and prognosis of HCC patients. Moreover, alterations in the phosphorylation status of members of the JAK2/Stat1 signaling pathway were also explored. Additionally, it was demonstrated that CPXM2 may function by modulating the gp130/JAK2/Stat1 signaling pathway. As the gp130/JAK2/Stat1 signaling pathway has a vital impact on tumorigenesis and tumor progression in numerous human malignancies, 18 our data suggest that CPXM2 may play a positive factor in HCC progression via regulating gp130/ JAK2/Stat1 signaling.
However, there are serval limitations in the present research. Firstly, the sample size was not large enough, and characterizing CPXM2 as a gene biomarker requires additional studies with larger and more varied cohorts. Besides, the detailed molecular mechanisms of intracellular 
Conclusions
At present, the impacts and detailed mechanism of CPXMs in HCC remain unknown. Our study implies that CPXM2 is an active factor in HCC progression, and notably enhances the invasiveness and migration of HCC cells. A preliminary exploration of the detailed mechanism of this function was also conducted, and our data observed that CPXM2 impacts metastatic capacity via the gp130/ JAK2/Stat1 signaling pathway in HCC.
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